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1. fAnenuvinguasUselevivedlniidady
2. @N150UNTaUI Tevy wazUsylovivadnisnsialuinitadele

3. Whlandnnsasian1siniinszuauszam (Nerve Conduction Study) kagng
asabiindaiile (Electromyography) e

4. aansahlulszgndldiulsavngesslsUand wu nisuinidureudulszamaiuy
Uane CTS, C- radiculopathy 1Jugiu

1. anumneuazUselesiveslniidads
2. NaNN1INTIANTVNUINTLUEUTZEM (nerve conduction study) LazN1T#TID
Indsile (electromyography)

3. Uselewd 119t wardavuueIn1snsakninItane

4. Fwritdads lsafinuues W CTS, peripheral nerve injury, neuropathy
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nyawne: dssiinsiada 19; 2539: wih 57-73.

AU N3, NsUIIUTBRduUsTam, N TsefiniiSeuniin1siiumn: 2539.
s qemss, Tt Amdion. Ussamaisinen, fanieded 4, ngamwa: driinfiariusis
PRBINTAUUNINESe: 2545,

4. De Lisa JA, Mackenzie K. Manual of Nerve Conduction Study and Surface Anatomy
for needle Electromyography, a" edition, Philadelphia, Lippincott Williams &
Wilkins : 2005.

5. Daniel Dumitru. Electrodiagnostic Medicine, an edition, Philadelphia, Hanley &

Belfus, Inc.: 2002.

6. Daniel Dumitru, Michael Andary. Electrodiagnostic medicine I: Fundamental
principles. In: Randall L. Braddom. Physical Medicine & Rehabilitation, 4" ed.
Philadelphia, Saunders; 2011. p. 170-94.
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(Electrodiagnostic Medicine EDx)

IWi3dads Ao manmefieslagtieiessiomalwihuasaitadumnuiiaund ves
Gulszamuasndnuile  Tnsendanautinisszamaisine suwtulss Buaznisamasame
aunsainanldidadeuenlsa Mduriawedsa  szegnattunsadulse  AuguLsIvelsa s
Hushuagnaneinsaivedlsafiieafunihesuduaneadiifendonansludinues lower motor

neuron

39Tl 3ITdeduds non invasive uazfidenisszitludileniilsadensenite wie
lgsueiifinasienisudivondendu Aspirin gUaeniifamladnaufngeluuinaifneinisnsiavie
TusmuniseToazdAguessianie

Motor unit siondrssudidulassasianiesnieiniauaziiuiugiuvessyuudszamnaisile
Famhegudusenaueiey

1. Alpha motor neuron %ﬂagﬁ Anterior horn cell Tuladunas
2. Nerve root & Plexus
3. Peripheral nerve
4. Neuromuscular junction (NMJ)
5. Muscle fibers
Basic physiologic of nerve tissue

Resting membrane potential Un#azilA1agluyiasening -90 fia -70 mV FuAnannis
Auznallessunelunaynsusnwadliivintu Uni Naloeuanluwadazeenly 3 looou  wawil K
loosudnuluwed 2 lovou uonvnidsilushuiifuanavuelnguesivszaduay  lalannsos
Hovueadld  Fuuaeshlianglusadiduaudodfioutuneuenead

Action potential n1swaguwdasdnglnihasiintuilognnszdumendanulnin n1sld
= 2/ < = < va [ I = v a
aswall anudeu Anudu Fazitulumuauandfivesdndliih Ao Al or None Law #winnisiiin
Anglnfinlaifiesedu threshold Aagiinaniy local response LNty
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N15UALRIUVDILEAUUTEEM (Nerve injury)
NSV VTR UAUUSZA M AL NITLUIUTELANYBINIS UL UBAN8 WU ULANTe Ll TR
1. Seddon Classification (Af.1943) @unsauusaanidy

- Neurapraxia _\f1gUL 1™ degree ¥8Y Sunderland classification Fadnsuradunse
Wasuanmane myelin - sheath ﬁﬁm axonivitiu FragnuarufiaUn@ainnisnea
Nerve conduction study @® mslilansathnssuaUszamlatang (Conduction
block)

. = ' d d th o .
- Axonotmesis Weguwih 2™, 3° uay 4 degree %U®Y Sunderland classification N9
< a & =l . . & . = = a a
UILAUYUAUIZA Wallerian degeneration %58 Axonal degeneration @43giAURNAUNR
1Y A& o a a v & A v s & |
1NAIATI998 needle EMG ludygraiinun@lundsidenidulsyamiuaeaiu
positive sharp wave, fibrillation udu

- Neurotmesis ieuwi 5" degree U84 Sunderland classification L“fJumﬁU’mﬁUﬁguLLN
fanmszidulszamanuineenaniu Fansldlwiitedeliansausnannsuiaiu
WUU Axonotmesis I ing1eliguuumileuiuaInnsnsIame Nerve conduction study
ey needle EMG

2. Sunderland Classification (Af.1951) @1u1sauuUsaandu

1" degree unsuimduiinuning Focal demyelination
- oM degree Hunsuiadufinunnag Axonal degeneration with intact endoneurium
- 3¢ degree Junsuiadufinuniazaxonal degeneration with intact perineurium
- 4" degree dunrsurmduiinunnig Axonal degeneration with intact epineurium
- 5" degree Lf]umimmL%U‘ﬁ'WUﬂnzCompLete axonal degeneration
msuAuvesduUsTamussnsungu

Wuusvamndinisuimduiuu Neurapraxia LUJunsuinduifinsiuauvesduussans
N wazaznauAudan nundlutieszesUseinn 2-4 dUan

WuUszamNuIalduwuy Axonotmesis n1suatduilagiinuuiunisiiienin Wallerian
degeneration 38 Axonal degeneration ilivuIuNIsHUAUEUUSTEMAETINIINITUIAAULULY
Neurapraxia 8nvNgUUNUTEILNITEWINAUULINTUIALEIUIIEUUSYALAE

nanutenidulszamiudewing  lnedinautetusgisanuinaiinsuiniureadulszam
11N9dn15 regeneration Uszanas 1-2 Fadunsdedu  uwidindwiletueglndiudumisnuindu
9zdl regeneration Us¥un 6-8 HNadlunsnaiu

[ o

L@uUsZAMNTINISUIALS UL U Neurotmesis  n1suatdunuuisndudoddisn1ssnen

fenIsHdRLEutauUanadUUs TN AV AT
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1.

A15M533NSTNUNNTEREUSEAMAARIUTELANAD N1SATIVNISTNUINTELEUSTEMSU
AU3AN ( Sensory Nerve Conduction Studies SNCS)azn13n33aN13dntNTewa
Uszamdan1s (Motor Nerve Conduction Studies MNCS)

N1591539 Needle Electromyography (EMG)
N197939 Late Response
N19M333Repetitive Nerve Stimulation (RNS)

N19M399019) 1TU 1137 529Blink Reflex Dudu

Uszlevulun1snsaatninitae

AumELUIUeslsa (Localization)
Usvanailnvesmsuiniduueadulssam(Type of nerve injury)
Usuannisnensallsa (Prognosis)

WHINNNTPUAITNYT (Management guideline)

AnmunssnlazUssiiunsiuAuveuduUszam (Follow up for regeneration)

frag1elsananunsansialaannliniiitaie

1.

2.

Iiﬁﬂ,umjm Anterior Horn Cell Diseases 14ulsa Motor Neuron Disease, Poliomyelitis

lsalungu Radiculopathies &18133dNMINNATIVUTLIN nerve root 1ga1iAINAIY
[FONUDINTEAN NISIARBUNINATIUTBMLOUTBINTEAN WazfBwiile

lsalungu Plexopathies WU Brachial plexus injury #8134innNn15gURive N1saney
WA MERUZLINTEALUIUIIUAINGT

I’iﬂiuﬂﬁjm Polyneuropathies L% Guillain-Barre Syndrome, 15AL50539u 11U

Iiﬂiumjm Entrapment Neuropathies %1 Carpal tunnel syndrome, Tarsal tunnel

syndrome

Iiﬂiumjm Neuromuscular Junction Disorders %1 Myasthenia Gravis, Myasthenic
Syndrome

1salungy Myopathic Disorders 1y Polymyositis
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SuanmsdnUseiauay nT9T19ne Mntividadeuentsalugtienew uarddadeuenlse
Hundennisesanlninidedeiuvunzaufoiimnslidesigaudlateyaiuiniign  wawIntwh
nsasalinidedendenl’ uasdmanmialviitadeanudana

1.119m3523N139NUINTEAUTEEM (Nerve conduction study NCV)

1.1 Sensory Nerve conduction studies SNCS Aia MInsanduussamsuauianiaglylu
YUM supramaximal ﬂsxﬁuLLazﬁuﬁﬂ Sensory nerve action potential (SNAP) &l
welladsnszAudulszam 2 uuu fe

1.1.1 Orthodromic Stimulation Ao NM3AFIANTEAUAIN physiologic VaadUUTEAM

1.1.2 Antidromic Stimulation @ mimaf\]ﬂszﬁuﬁmﬁ’mﬁu physiologic v84
ulssam deidevesiBife jUiumes SNAP fldenagninidoulas muscle potential ifin
mﬂmsmzqﬂ%aaﬂé’wmﬁaﬁasﬂﬂé’ﬂ wifideffe SNAP fildasfivunalugnin waslidnuwamdu
Bipolar shape 11nn41n13n3EAULUY Orthodromic

SNAP

Stimulation

Electrode

Antidromic

UM 1 uansisnsnsanistniinssualszamiuauidn Median Wuu antidromic

stimulation



Amdaldannisnszduidulssamiuanuidnde

Latency (L) %39 conduction time %u1eh Lawesnstniinsswaussamainliin - action
. = ! < oy a ° @ 2
potential InulaLdu millisecond (ms) AN1FAIUUAABTIY 2 LUUABD

- Onset %39 initial latency A9 1Ia19115u3n151AA action potential

- Peak latency A9 11aiLAn action potential GAGQ

[

Amplitude Hun15InALEEY action potential finTu JsuansdisdwauleUssam (axon nerve
fiber) Navhaueglududsyamiu dmbedu microvolt (mV) d1finsaade axon $1uumINAINE T
ITaNA

Nerve conduction velocity (NCV) A §n51ansisweanisdninnssualssamdadunisueniienis
uves myelin §18n15gayide myelin sheaths viseiin1sganuveansilndn (conduction block)
NCV 2z41ad

NCV annsadnlalagindvesszeennesenineganseduieansu (D) msmemves latency (L)
IS 1 [ )
Ivmheilu wes/Aum

NCV = D/L m/sec

Peak Latency pinating SNAP

ﬂ

Amplitude

Onset Latency

5UN 2 uang Sensory nerve action potential (SNAP)



M131971 M159ETUANNRAUNAYBINIIAIIA Sensory nerve conduction studies

Prolong DSL

(distal sensory latency)

Low SNAP amplitude

(sensory nerve action

potential)

Slow SNCV

(sensory nerve conduction

velocity)

Low distal limb temp
Demyelination in distal part
Loss of large myelinated fiber

Distal axonal stenosis

Temporal dispersion
Conduction block

Loss of large myelinated

axons

Severe axonal stenosis

Diffuse, focal, multifocal

demyelination

Loss of large myelinated

fiber 80% lower limit

Mark axonal stenosis

Channelopathy
Technical factor Channelopathies mark slow
20-80% of lower limit
- Poor electrode placement,
edera, submax. stim. Demyelination predominate
1.2 Motor nerve conduction study MNCS Hunsnsiadulszandanisee

nszialinvun supramaximal

A Y & A v & & v =
qu@m@ﬂaqmLu@WLaUﬂigﬁqwuuvLﬂLaEJQ U UUNN

compound muscle action potential (CMAP %38 M wave) a@nunsatuiinA1ves latency,

amplitude wag NCV vaaduuszamdanisld uannsmaAiaasivean1stninvesussandinig

(motor nerve conduction velocity) faainanmsnseduldulszam 2 9 lngldszugnisves 2

0 MIFYTTHLHARNVEA latency VB CMAP 119 2 91U

MNCV = D2-D1 / L2-L1 m/sec




Proximal

UM 2 uansisnisnsranstniinseualseamasnis Median nerve

Distal

M1514112 AN 9ETUANURAUNAYEINIIATIV Motor nerve conduction studies

Prolong DML

Low CMAP amplitude

Slow MNCV

Same cause as prolong
DSL

Disorder low density of
functional innervated

muscle fiber

Disorder low action
potential current
generating capacity of
muscle fiber eg. myopathy

Temporal dispersion
Conduction block
Anomalous innervation

Technical factor

Same cause as slow SNCV




NaN19E3ITINYNdRaN1sINanssuaUszam ( Physiological factor affect action potential
propagation)

1. wwe udnendgadl NCV annndnlugune

2. 918 nuludnusniinazdian NCV Uszanau50% vewdlng wazaslawinglng  dieeny
Uszanad 3-5 U uagazanaddleonguinlumaseny 50 Unuinilgnsnanas 1-2 m/sec/decade

3. dauge wuitluAuiased NCV Hindluauiiiiendn

4. uudll wueumniinanadazyili NCV 4189 uivelimaiiauwes SNAP  uag CMAP

'
a

amplitude laggaumiiNianas 1 83f1 3l NCV anaslseanal 2.4 msec gaumail Nvangauvas
wuLarY139inlsAINIT 32 991 Turaiensaa Nerve conduction study

2. nMsnsavmaulniindaile (Electromyography / EMG) \un1snsasgainuiaunfiveniiulnii
nautelasldidy wazidunaulun1snsiame

- wispugUa ueingUszaeAlun1sngia wageSuen1IngIa

- 1 A0NNAULTNIZATIATYINNITATIAMIETUMEANNTEIRTEN LaznaliAnAILEUTRe
fuUaglviesiign

(%

- dwneeaulniinaule N NnTuUANLAR UA 9T

1. Resting potential Unfidlifimsirdeulmvendy JUwuuadulwihAduiinliags
Ju silent pattern  w@a1dl Nerve degeneration %38 Muscle membrane irritability 2%
wurdulWinARaUnAle WU positive shape wave LJusu

2. Insertional Activity UnAfndnisudiuiinasil electrical activity suuldusvzmen
fuidosmgady  wilungiifineBuesdussamvidondunionsnuinoeded

electrical activity agumz%’wqml,%m,l,é’aﬁaﬂdﬁ increase insertional activity LARINEIS
amwﬁ?wf]umummmﬁm fibrosis %u%wudﬁ insertional  activity ~AzaAAIUTD

decrease insertional activity

3. Minimal contraction Tsifin1sinSenduileldnies Lﬂlaa Single motor unit action
potential (MUAP) waz@ morphology ¥8¢ MUAP

4. Maximal contraction Wﬁmim%ﬂﬂﬁmLﬁaLﬁuﬁLﬁa@jﬂﬁ complete interference
pattern 3ol



faegrepaulnnauaniauni

1. Fibrillation

W spontaneous activity 89 single muscle fiber 7if amplitude 50 - 300

duration 0.5 — 2 msec, regular rhythm Sdnwagunfdu triphasic with initial

positive LA
PMNAMURAUNAYBS muscle membrane irritability 19U 01g denervation

2. Positive sharp wave

Ju spontaneous activity anwauzidu shape positive deflection #uf9e long

duration  HvuALarAUDA1E AU LARAIN muscle membrane irritability  @eginagwunau
fibrillation

L e i
X \\ R ==
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3. N9AT992833 Late response LumsnsEfuduUszamdUatedouns Gailnisnsiades
sULUUAD

3.1 Hreflex f® action potential ¥83motor neuron ﬁgﬂﬂisﬁué’f@umﬂﬁwmzLLﬁlWﬂﬁi
Junszualiih submaximal current FvazviiliiAn propragation YoanseuaUszamTuausanluds
dorsal root ganglion Lﬁi’haj dorsal horn cell Gﬁd%dﬂﬂizLLa‘iJﬁza’WlliJﬂszéju motor neuron i3
threshold 1 wagnuhludnusnifinasnsansam H reflex  Idanmsnsedudulszamifounn
G dugflvgrldnnaldannnseduduszam  Tibial  esuenmsiinszuavessinUszam Si
Tnenszduiindaiile gastrocnemius uasdulsyam Median dssuennsinszuaUszam C 6-7
Imﬂﬁzﬁuﬁﬂﬁmﬁa Flexor carpi radialis

3.2 F wave o action potential wesndunilodiutaeiignnazdudounafensudluin
supramaximal current Faazyilin depolarization founauluniu motor efferent axon lﬂﬂisﬁu
motor cell wagvilifinszuauszamnduasnnszdundunile shlmiAa action potential vasnéanie
fidsedng axon Hu awnsonsn Fowave ldlududszammieunnidu viliianainsiinssua
Usganndansauduls (proximal conduction study ) fsgleviildlunisesalulsa Guillain-Barre

Syndrome

4. N15M399 Repetitive stimulation Junisnsaalagldnisnszdudny iensiamay
Anun@usiias neuromuscular junction Wy Myasthenia gravis, Botulinum toxicity tJusu

1A

5. MR8 L Blink reflex L‘flumsmawizLﬁmﬁuﬂizamaum@ﬁ 5 LLaz@jﬁ 7 NUANY
HaunAnsali
WA GadeTunseeslsUnnd
1. MsuinliureaduUsyam (nerve injury) LLazﬂW’JzLﬁuU%m%QﬂﬂﬂﬁU (nerve
entrapment)

39539 NCV wag EMG aunsauansiumiaeInsuindunsenisgnnaiuyeddu
Uszamindiietunselil uasiinfiszdule venmsuiaduvesseiusndszamindu preganglionic
lesion 38 postganglionic lesion mmmuaﬂléﬁﬂmimm%uﬁmﬁu complete injury %39
incomplete injury susvenmswennsallsauasldfanuindl  reinnervation  videld e
WuUsgamgnaaviu Wi CTS Agwudn conduction block U%nmﬁgﬂﬂm DINAUIUDIANUNIE
demyelination W&y axonal degeneration ¥l amplitude Heas waz prolong distal
latency 141

2. Nerve root compression

m’gzimﬂisamgﬂﬂmﬁwuuﬁﬂléﬁmm’gz HNP,  spondylosis wanilaswuin SNAP
amplitude wag NCV vpuduuszamivanuianizegluinaeiund @1anudn  CMAP amplitude
fouadnas  waznuinagdl insertional activity AaUn@il motor unit antieras wu positive
sharp wave Wag fibrillation Faandulusy  distribution ﬂJENﬁﬂ‘lJiSﬁ’Wlﬁ?Uﬂ fundes
nénieusuruaznduile paraspinal
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